Among the various rhizospheric bacterial isolates screened from Westren Ghat regions of Kerala, a Bacillus sp. with both antagonistic activity to Pythium myriotylum and plant growth promoting properties was identified. Scanning electron microscopic analysis revealed significant ultrastructural changes of hyphae and spores of P. myriotylum upon treatment with Bacillus sp.WG4. For the structural characterization of antagonistic compound in the crude exract, GC MS analysis was carried out and this has resulted in the identification of presence of pyrrolo [1,2-a] pyrazine-1,4-dione, hexahydro-3-(phenylmethyl) as basis of antifungal activity. The in vivo antifungal activity of Bacillus strain was analysed by pre-inoculation of this to ginger rhizome. Here the presence of Bacillus strain was found to provide effective protection to ginger rhizome upon inoculation with Pythium myriotylum.Very interestingly, when the Bacillus strain was checked for its synergistic antifungal activity with commercially available biocontrol agent Trichoderma, the combination was found to have increased antifungal activity. Due to its antifungal and growth enhancement effects, the isolated strain can be of promising application as antifungal plant probiotic agent alone or in combination with other agents like Trichoderma.
Introduction
Although several bacterial species are known for their antifungal activity, Bacillus sp., are highly impressive due to their endospore formation (Schaeffer 1969) , extreme tolerance to heat and desiccation (Handelsman et al., 1990) and also due to their potential to produce a wide range of antibiotics (Katz and Demain 1977) , toxins, hydrolases and lipopeptides (Lamsal et al., 2012) . They have also been identified to have a wide range of distribution as soil-inhabiting, epiphytic, endophytic (Mora et al., 2014) or rhizosphere organisms and due to this they have been reported as highly efficient biocontrol agents for seed treatment applications (Soylu et al., 2005) .
Their safety and ability to produce compounds beneficial for agronomical purpose makes Bacillus sp. a highly studied organism (Earl et al., 2008) .
Phytopathogenic fungi including oomycetes are of global concern to food security, as they are difficult to control due to their genetic plasticity and population variability.
In addition to this, they can have severe economic impact as in the case of crops like ginger, where the biotic stress due to P. myriotylum causes significant reduction in yield and thereby annual export. Evolution of pesticide resistant pathogens, environmental toxicity of pesticides and the difficulty in identifying disease resistant plant varieties makes the common procedures ineffective on a large scale. All these make it highly demanding to investigate rhizobacteria from various environments for plant protective properties to explore its agricultural applications. Fungal biological control agents like Trichoderma are among the most successful tools applied against plant pathogenic fungi, especially oomycetes. They are also reported to play an important role in sustainable agriculture because of its additional role in increase of plant growth and yield (Seidl et al., 2005) . So identifying promising rhizobacteria will pave the way to enhance the effect of these organisms by forming microbial consortia.
Current study was targetted towards identification of
Bacillus sp. with strong activity to inhibit the growth of P.myriotylum. Bacillus sp. which was isolated and screened for antifungal properties was characterized by 16S rDNA sequence analysis. The isolated organism was found to have property to alter fungal morphology as confirmed by SEM analysis. Its enhanced activity in association with Trichoderma and the presence of additional plant growth enhancement features provide opportunities to develop compatible biocontrol formulations to explore its field applications.
Materials and Methods

In vitro antagonistic studies
Among the various rhizobacteria screened from Western Ghat regions, one isolate from Curculigo orchioides was found to have in vitro antagonistic activity towards Pythium myriotylum. For in vitro antagonistic studies, the rhizobacteria was streaked on the edge of the PDA in a petridish, and a mycelial plug (6 mm diameter) of the pathogen was inoculated at the centre. Growth inhibition was evaluated by analysing the inhibition zones from the bacterial colony to the edge of the spreading fungal mycelium after incubation for 5 days at 25 o C as per previously described methods (Chen et al., 2008) . For optimal production of the antifungal compound, the selected organism was cultured in various media like Nutrient broth, Sabouraud's dextrose broth, Potato Dextrose broth, Sucrose broth and Solid Rice media. For this the organism was incubated in 30 mL seed medium for 12 h with 200 rpm, and from this 10% inoculum was added to 100 mL fermentation medium followed by incubation at 30 o C for 10 days. The culture supernatant was extracted with ethyl acetate and the extract was concentrated in a rotary vaccum evaporator.
Extraction of culture supernatants
Extracts were prepared from 3L culture of cell free supernatant with ethyl acetate followed by evaporation to dryness. The residue was dissolved in methanol and agar well diffusion assay was used for determination of antagonistic activity of the extract. For this, mycelial mat (5 mm in diameter) of Pythium myriotylum was placed at the center of the plate containing PDA medium and a well of 5 mm diameter was made on the agar with a sterile steel borer at the edge of the plate and 60 µL of the extract was poured into the well followed by incubation for 72 hr at 27 o C.
Screening of rhizosphere bacteria for plant growth promoting properties
The selected isolate was screened for 1-Aminocyclo- et al., 2013) . Ammonia production was determined as described by (Ahmad et al., 2008) and HCN production was analysed as described by (Chakraborty et al., 2009 ) and nitrogen fixation was checked on Jensen's media (Jimtha et al., 2014) .
Identification of the bacterial isolate
Identification of the selected bacterial isolate was done by biochemical and 16S rDNA based sequencing based method. Genomic DNA was isolated from the bacterial isolate and was used as template for The sequence data was checked by BLAST analysis (Zhang et al., 2000) . The phylogenetic analysis of the 16SrDNA sequences of the isolates obtained in the study was conducted with MEGA 5 using neighbor-joining method with 1,000 bootstrap replicates (Tamura et al., 2011) .
Morphological changes of Pythium myriotylum induced by the selected rhizobacteria
For the detection of morphological and ultra structural changes of Pythium myriotylum due to the effect of the bacterial isolate, dual culture method was used as explained above. Both the Light Microscopy (Chaurasia et al., 2005) and SEM analysis were carried out for
Pythium myriotylum from the dual culture plate along with Pythium myriotylum alone from PDA as control.
Sample preparation and SEM observation were done as described by previous methods (Furlaneto et al., 2012) . Hyphal samples of Pythium myriotylum were excised and were fixed in 2.5% glutaraldehyde at 4 °C for 2 h, washed in phosphate buffered saline (PBS) for 4 times (15 min each), dehydrated in a graded ethanol series (30%, 50%, 70%, 80%, 90%, and 100%) (10 min each) air dried and viewed under SEM.
Enhanced antiungal effect of selected isolate in association with Trichoderma
The selected bacterial isolate and commercially available Trichoderma strains were analysed for their combined activity against Pythium myriotylum. For this, the extracts of these strains were made using the same methodology described above. Then the effect of individual applications (60 μL) and the combined applications (30 μL each) of extract were evaluated by well diffusion method with incubation at 24 °C in dark for 4 days. The Pythium myriotylum which was simultaneously grown was used as control (RuanoRosa et al., 2013) 
GC-MS analysis of crude cell extract
Identification of the antimicrobial metabolites was done by Gas Chromatography-Mass Spectrometry 
Control of Pythium myriotylum infection on Ginger rhizome using Bacillus sp.
To analyze the effect of Bacillus sp. on ginger rhizome, surface sterilized ginger was treated with sterile nutrient broth (T1), distilled water (T2) and overnight culture of Bacillus sp. (T3). Each set contained three pieces of the ginger taken in a petri dish which was soaked in T1, T2 and T3 for 30 minutes and inoculated with P. myriotylum. These rhizomes were observed for Pythium myriotylum infection for 7 days.
Results
Isolation and characterization of potential bacterial antagonists
Among the various rhizosphere isolates purified from Western Ghat, the isolate from Curculigo orchioides produced prominent zone of inhibition against Pythium myriotylum (Figure 1 ). 
The zones of inhibition against
Effect of crude extract on mycelium growth of Pythium myriotylum
Dual culture showed inhibitory effect of isolated organism on growth and morphology of P.myriotylum as it could not extend as normal and were distorted and granulated, whereas the mycelia from the control Figure 4 Phylogenetic tree showing the relationship of the isolate to closely related bacteria. The tree was obtained using the neighbour-joining method. The numbers at branching points refer to bootstrap values, based on 1000 replicates. 
Effect of bacterial and Trichoderma extract on Pythium myriotylum growth
A morphological interaction such as contact inhibition has already been reported between Pythium myriotylum and commercial biocontrol agent Tricho- 
GC-MS analysis of crude cell extract
GC-MS analysis of crude extract of
In vivo rhizome protective effect of Bacillus sp. on ginger rhizome
The Bacillus sp. was pre-inoculated on to ginger rhizome which was further challenged with Pythium myriotylum to study the inhibitory effect of the bacteria on colonization by fungal pathogen. Very interestingly, after 96 h of incubation only those rhizome pieces which had been pre-treated with nutrient broth as control showed the presence of mycelial growth of Pythium myriotylum. At the same time, the rhizome pieces which had been pre-incubated with Bacillus sp.
culture were found to have inhibition of growth of Pythium myriotylum even after 96 h. (Figure 8 ). 
Discussion
Beneficial microorganisms are highly promising for more rational and safe crop management practices. Bacillus sp., are important biocontrol agents (Lee and Kim 2016) with potential antifungal activity against a number of plant pathogens (Zaccardelli et al., 2013) . In addition to this they also have been reported to have remarkable impact on host plant by increasing the availability of nitrogen and phosphorous and thereby causing nutrient unavailability to phytopathogens (Malviya et al., 2012) . The first commercially available biopesticides prepared from strains of B. subtilis, branded as Quantum®, Kodiak® and Epic®, appeared in the US market in 1985. Their success in the control of soil-dwelling phytopathogenic microorganisms has laid the foundation for exploring the application of Bacillus-based biopreparations to commercially important crops (Dardanelli et al., 2010; Khabbaz et al., 2015) . In the study, Bacillus sp., which was isolated from Western Ghat soil was found to have remarkable antagonistic activity against Pythium myriotylum.
The broad antifungal activity of Bacillus sp., against the selected pathogen was agriculturally important as these pathogens infect plants of great economic importance. Pythium species are best known for causing damping-off and seed rot disease that often occurs just after planting as young seedlings emerge. Pythium also causes root rots on newly emerged or more mature plants and can also cause soft rots of fleshy fruit.
Damping-off disease affects seedlings worldwide. cactivora was shown to be controlled by antifungal properties of Bacillus amyloliquefaciens species (Bae et al., 2013) . In recent study a novel bacterium BH072 Bacillus amyloliquefaciens isolated from honey has showed strong antifungal activity against a lot of molds (Zhao et al., 2013) . All these support the result of the current study. The additional impressive features with Bacillus sp. WG4 isolated in the current study are the plant growth promoting properties.
Rhizosphere Bacillus subtilis was reported to cause structural deformities in pathogenic fungi under in vitro culture conditions due to the production of diffusible and volatile antifungal compounds (Chakraborty et al., 2009) It is related to other diketopiperazine-mycotoxins, such as aspergillic acid, and related pyrazine derivatives are produced by the Aspergillus and Candida species (Zhang et al., 2012) .
Because of the broad biocontrol properties of Bacillus sp. WG4 isolated in the study, it was selected for studying its in vivo role to control rhizome rot in gin- 
